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1
BACKLIGHT DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a backlight device having,
a light source at the side of a side surface thereof, for
illuminating a display unit which does not emit light by
itself, such as a liquid crystal display.

2. Description of the Related Art

In recent years, along with the progress of hardware, the
use of notebook type personal computers having the func-

tion of a desktop computer, a personal digital assistant
(PDA), and the like has spread widely.

At present, a display unit of the aforementioned notebook
type personal computer or the personal digital assistant
generally employs a liquid crystal display panel.

However, the aforementioned liquid crystal display panel
itself does not have a light-emitting function. Therefore, as
a method for enabling the liquid crystal display panel to
display 1nformation, such liquid crystal display panels
employ either a backlight type method in which a light
source 1s placed at the back side of a liquid crystal display
panel or a reflection type method 1n which light from the
front side of a liquid crystal display panel 1s reflected. Due
to greater ability to see a display screen, the backlight type
liquid crystal display panels are more widely used.

In Japanese Laid-open Publication No. 5-249461, for
example, as a technique for the backlight structure, a reflec-
fion unit of the backlight is tapered so as to realize the
miniaturization of the liquid crystal display panel.

FIG. 8 1s a cross-sectional view showing a part of a liquid
crystal display device having a conventional backlight
device 102 and a liquid crystal display panel 101.

A diffusing sheet 109 1s fixed on a surface { acing the
liquid crystal display panel 101 of the light-euiding plate
111, and a whaite reflection sheet 108 1s fixed on an opposite
surface thereof. The diffusing sheet 109 and the white
reflection sheet 108 are fixed at an edge of the light-guiding
plate 111 with double-sided adhesive tapes 107. The light-
cuiding plate 111 has an output region 13 for outputting light
incident from an end surface of the light-guiding plate 111
on the surface facing the liquid crystal display panel 101,
and a plurality of prism sheets 110 are provided so as to
include the output region 13 above the diffusing sheet 109.

In the case where the light-guiding plate 111 1s made of an
acrylic material, for example, essentially light rays each
having a reflection angle of 6>42° with respect to the
reflection sheet 108, which are input from an end surface
111a of the light-guiding plate 111, (e.g., light rays C and D
in FIG. 8) are totally reflected at the interface between the
light-guiding plate 111 and air layer 113. As a result, the light
rays are not output outside through a surface 1115 of the
light-guiding plate 111. However, by printing a reflection
pattern (not shown) on a surface 11lc¢ of the light-guiding
plate 111 so as to change the reflective angle of such light
rays to 0<42°, light rays (e.g., light rays A and B in FIG. 8)
are output from the surface 1115 of the light-guiding plate
111.

According to the above-described conventional backlight
device 102, however, 1n order to fix a reflector 106, the
diffusing sheet 109, and the reflection sheet 108 to the
light-guiding plate 111, 1t 1s necessary to 1ix edges thereof to
the light-guiding plate 111 by the double-sided adhesive
tapes 107. Due to the influence of the double-sided adhesive
tapes 107, leakage of light 1n the vicinity of the lamp 105
which 1s a light source, or glare 1n a display 1image occurs.
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Specifically, according to such a conventional structure,
although light rays are reflected at an interface of the
light-cuiding plate 111 and the air layer 113, light rays are
irregularly reflected at an interface of the light-guiding plate
111 and the double-sided adhesive tape 107. Therelfore, as
shown 1 FIG. 8, light rays C and D travel through the
light-cuiding plate 111 while being reflected. On the other
hand, of the light rays reflected at the interface of the
light-cuiding plate 111 and the double-sided adhesive tape
107, light rays A and B are directly output outside from the
light-guiding plate 111.

Due to the light which 1s wrregularly reflected by the
double-sided adhesive tape 107 and leaked directly outside
from the light-guiding plate 111, light leakage at the surface
facing the liquid crystal display panel 101 1n the vicinity of
the double-sided adhesive tape 107 or glare in a display
Image OCCUrS.

In the vicinity of the double-sided adhesive tapes 107, the
amount of light output from the surface 1115 of the light-
ouiding plate 111 1s increased due to the irregular reflection
caused by the pieces of double-sided tape 107, thercby
increasing the amount of light input to the prism sheets 110.
As a result, the amount of light refracted 1n the prism sheets
110 to be output towards the liquid crystal display panel 101
1s 1ncreased especially 1n the vicmity of the pieces of
double-sided adhesive tape 107. Consequently, glare 1n a
display 1image occurs.

If the pieces of double-sided adhesive tape 107 which are
the cause of the wrregular reflection are eliminated, however,
attachment of the reflection sheet 108 and the diffusing sheet

109 to the light-guiding plate 111 becomes loose.

SUMMARY OF THE INVENTION

According to one aspect of this mvention, a backlight
device includes: a light source; a light-guiding plate; and a
reflector. The light-guiding plate has a first principal surface
and a second principal surface provided so as to face each
other, and an end surface. The reflector 1s disposed so as to
illuminate the end surface with light from the light source.
The light-guiding plate has an output region on the first
principal surface, for outputting light inputted from the end
surface. An anti-reflection member 1s provided above the
first principal surface 1n a region between the output region
and the end surface.

In one embodiment of the present invention, the reflector
covers the light source and the anti-reflection member.

In another embodiment of the present invention, the
anti-reflection member 1s made of black 1nk.

In still another embodiment of the present invention, the
anti-reflection member 1s made of a black tape.

In still yet another embodiment of the present 1nvention,
the light-cuiding plate has a diffusing sheet on the first
principal surface; and the anti-reflection member 1s formed
on the diffusing sheet.

According to another aspect of this invention, a backlight
device further includes a prism sheet above the output region
of the light-guiding plate.

According to the backlight device of the present
mvention, the anti-reflection member formed above the first
principal surface of the light-guiding plate positioned
between the output region of the light-guiding plate and the
end surface of the light-guiding plate absorbs unnecessary
light irregularly reflected by the double-sided adhesive tapes
provided in the vicinity of the lamp. As a result, light 1s not
directly output outside from the light-guiding plate.
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Therefore, glare 1n a display 1image can be prevented,
thereby obtaining a high-quality display screen.

Moreover, according to the present invention, by previ-
ously attaching the anti-reflection member to the back
surface of the retlector, 1t 1s possible to provide the anti-
reflection member with a small width by aligning the

anti-reflection member with the first principal surface of the
light-guiding plate.

Thus, the invention described herein makes possible the
advantage of providing a backlight device having a function
of preventing light leakage 1n the vicinity of a light source
or glare 1n a display image.

This and other advantages of the present invention will
become apparent to those skilled 1n the art upon reading and

understanding the following detailed description with refer-
ence to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view showing an appearance of an
clectronic device having a backlight device according to the
present invention;

FIG. 2 1s an exploded perspective view showing an
input/output unit shown 1n FIG. 1;

FIG. 3 1s a perspective view showing a backlight device
according to Example 1 of the present invention;

FIG. 4 1s a cross-sectional view showing a part of a liquid
crystal display device having the backlight device and a
liquad crystal display element according to Examples 1 and
2 of the present invention;

FIG. 5 1s a perspective view showing the backlight device
according to Example 2 of the present imnvention;

FIG. 6 1s a perspective view showing a backlight device
according to Example 3 of the present mnvention;

FIG. 7 1s a cross-sectional view showing a part of a liquid
crystal display device having the backlight device and a
liquad crystal display element according to Example 3 of the
present mvention; and

FIG. 8 1s a cross-sectional view showing a part of a liquid
crystal display device having a conventional backlight
device and a liquid crystal display element.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, the present mnvention will be described by
way of 1llustrative, but non-limiting examples with reference
to the accompanying drawings.

FIG. 1 1s a perspective view showing an appearance of an
clectronic device 50 mncluding a liquid crystal display device
which contains a backlight device according to the present
invention.

In FIG. 1, the electronic device 50 has a main body
cabinet unit 1 and a cover unit 3. The main body cabinet unit
1 has an input/output unit 2 (see FIG. 2) in which a display
unit and a transparent tablet are integrated, an infrared
communication unit (not shown), a pen holder (not shown),
and the like. The main body cabinet unit 1 includes therein
a power supply unit for supplying power to a place where a
power supply 1s needed, for example, to a controlling circuit
for controlling the 1nput/output unit 2, the mnfrared commu-
nication unit, an interface, and the like.

In particular, the input/output unit 2 will be described in
detail later with reference to FIG. 2.

The cover unit 3 1s connected to the back surface of the
main body cabinet 1 by a hinge. The cover unit 3 pivots so
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4

as to cover the mnput/output unit 2, thereby serving to protect
the 1nput/output unit 2 during transportation.

Provided on the side surface of the main body cabinet unit
1 1s a main body power supply switch 4. The main body
power supply switch 4 serves to turn ON and OFF the main
body power supply.

FIG. 2 1s an exploded perspective view of the input/output
unit 2.

The 1nput/output unit 2 1s formed by integrating a thin
liquid crystal display panel 101, 201, or 301 capable of
displaying a character, which 1s formed by a matrix method,
and a transparent tablet 2—2 of a size large enough to cover
the liquid crystal display panel 101, 201, or 301.

A backlight device having a light source such as a

fluorescent lamp 1s provided at a liquid crystal display panel
101, 201, or 301.

The transparent tablet 2—2 includes two transparent
sheets with transparent electrodes (e.g., Indium Tin Oxide)
provided on the inside surfaces thereof. (Of the two trans-
parent sheets, the upper sheet can be, for example, a poly-
ethylene terephthalate (PET) film, and the lower sheet can
be, for example, made of glass.) In order to prevent the
clectrodes from touching each other in a normal state, small
protruding spacers are printed 1n a regular manner on the
inside surfaces of the transparent sheets. Therefore, by
pointing with a finger or a pen, the transparent electrodes are
caused to contact each other, thereby allowing detection of
a selected location.

Also, by knowing the relationship between the contents
displayed on the liquid crystal display panel and the infor-
mation at the location selected by a user, the location 1n the
liquid crystal display panel selected by the user 1s detected.

(Example 1)

FIG. 3 1s a perspective view showing a backlight device
202 according to Example 1 of the present mnvention. FIG.
4 15 a cross-sectional view showing a part of a liquid crystal
display device having the backlight device 202 and a liquid
crystal display panel 201.

As shown 1 FIG. 3, the backlight device 202 includes a
reflector 6, a light-guiding plate 11 and a light source lamp
5 (FIG. 4) such as a fluorescent lamp, which is provided at
an end surface 1la (FIG. 4) of the light-guiding plate 11.

As shown 1n FIG. 4, a diffusing sheet 9 for diffusing light
1s provided at the side of the outputting surface of the
light-cuiding plate 11, 1.e., on the surface 115 facing the
liquid crystal display panel 201 (hereinafter, referred to as a
“first principal surface 115 of the light-guiding plate™). In
addition, an output region 13 for outputting light incident
from the end surface facing the lamp 35 1s provided on the
first principal surface 115 of the light-guiding plate 11.
Moreover, on the diffusing sheet 9, a plurality of prism
sheets 10 for controlling a direction of light are provided so
as to include the output region.

In order to allow uniform light to be output to the side of
the first principal surface 115 of the light-guiding plate 11,
a reflection pattern (not shown) i1s printed on the back
surface 1lc of the light-guiding plate 11 (hereinafter,
referred to as a “second principal surface 1lc of the light-
guiding plate) or provided so as to closely contact the second
principal surface 11c of the light-guiding plate 11 by mold-
ing. Arellection sheet 8 1s provided therebelow with 1ts edge
being fixed to the light-guiding plate 11 by a double-sided
adhesive tape 7.

The reflector 6 1s disposed so as to surround the lamp 5,
thereby reflecting and guiding light output 1n a direction
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different from that of the light-guiding plate 11 towards the
light-guiding plate 11. The reflector 6 1s fixed to the reflec-
tion sheet 8 provided on the second principal surface 11c of
the light-euiding plate 11 and the diffusing sheet 9 provided
on the first principal surface 115 of the light-guiding plate 11
by the double-sided adhesive tapes 7 provided at the both
sides thereof.

At this time, the reflector 6 to be fixed to the diffusing
sheet 9 on the first principal surface 115 of the light-guiding
plate 11 1s fixed so as to have a distance from the prism
sheets 10 provided to include the output region.

In the backlight device 202 of the present invention, an
anti-reflection member 12, for example, made of a black
tape with a length of the lamp 5 1s provided above the first
principal surface 115 of the light-guiding plate 11 1n a region

between the reflector 6 and the prism sheets 10 provided on
the output region 13, such that light output from the prism
sheets 10 sufficiently illuminates the liquid crystal display
panel 201. The black tape 1s made of, for example, a plastic
sheet, such as polyvinyl chloride or PET, having a thickness
of about 50 um.

Of light output from the lamp § and wrregularly retlected
by the double-sided adhesive tapes 7, light reflected with a
small reflection angle with respect to the surface of the
light-guiding plate 11, without being directly output outside
through the light-guiding plate 11, returns 1nside the light-
cuiding plate 11 by the reflector 6 provided on the first
principal surface 11b of the light-guiding plate 11 and the
reflection sheet 8 provided on the second principal surface
11c of the light-guiding plate 11.

The light reflected with a small reflection angle with
respect to the surface of the light-guiding plate 11, when
compared with light incident with a large reflection angle,
reflects a greater number of times in the same distance 1n a
lateral direction with respect to the paper as shown 1n FIG.
4. Theretore, the light reflected with a small reflection angle
has a higher possibility of being incident to the anti-
reflection member 12. As a result, 1t 1s possible to absorb
only the light reflected with a small reflection angle by the
anti-reflection member 12 with more certainty.

In the case where the anti-reflection member 12 1s pro-
vided so as to cover the entire regions where the double-
sided adhesive tapes 7 are provided, light reflected with a
large reflection angle with respect to the surface of the
light-guiding plate 11 1s also absorbed by the anti-reflection
member 12, thereby inhibiting a sufficient amount of light
from being reflected within the light-guiding plate 11.
Therefore, 1t 1s desirable to provide the anti-reflection mem-
ber 12 at the side of the output region with an appropriate
width so as to absorb only light reflected with a small angle
with respect to the surface of the light-guiding plate 11. For
example, when the thickness of the light-guiding plate 11 1is
about 2 mm, it 1s preferable that the anti-reflection member
12 1s about half the thickness of the light-guiding plate 11,
1.e., about 1 mm.

According to the backlight device of the present
mvention, since the anti-reflection member formed above
the first principal surface of the light-guiding plate 1 a
region between the output region of the light-guiding plate
and the end surface of the light-guiding plate absorbs
unnecessary light that 1s 1rregularly reflected by the double-
sided adhesive tapes 1n the vicinity of the lamp, light 1s not
directly output outside from the light-guiding plate.
Therefore, glare 1n a display 1image can be prevented,
thereby accomplishing a high quality display screen.

By using a black tape as the anfti-reflection member, it
becomes possible to provide the anti-reflection member after
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the reflector 1s mstalled 1n the light-guiding plate. Theretore,
the fabrication process can be simplified. In addition, by
using black tape as the anti-reflection member, the width and
the attachment position thereof can be easily changed.

(Example 2)

FIG. 5 1s a perspective view showing a backlight device
252 according to Example 2 of the present invention. FIG.
4 1s a cross-sectional view showing a part of a liquid crystal
display device having the backlight device 252 and a liquid
crystal display element 201. In Example 2, the same com-
ponents as those in Example 1 are denoted by the same
reference numerals.

The backlight device 252 of Example 2 includes an
anti-reflection member 14 with a length of a lamp 5, which
1s formed by black ink printing or the like and provided
above the first principal surface 115 of a light-guiding plate
11 1n a region between a reflector 6 and prism sheets 10
provided so as to include an output region 13. Examples of
the black ink mclude a mixture of a polyester type resin and
a variety of solvents and color pigments, and the like.

The same effect as that in the aforementioned Example 1
can be obtained in Example 2.

By using black tape as the anti-reflection member, it 1s
necessary to perform a plurality of steps for attaching the
tape. On the other hand, by using black ink as the anti-
reflection member, the number of fabrication steps can be
reduced as compared to the case where black tape 1is
employed. Therefore, the use of black ink 1s more preferable
for mass production.

Moreover, by previously applying a black mk printing on
the light-guiding plate or the diffusing sheet, the number of
fabrication steps 1s not increased. Therefore, an increase 1n
the production cost can be prevented.

(Example 3)

FIG. 6 1s a perspective view showing a backlight device
302 according to Example 3 of the present mnvention. FIG.
7 15 a cross-sectional view showing a part of a liquid crystal
display device having the backlight device 302 and a liquid
crystal display panel unit 301. In Example 3, the same
components as those 1n Example 1 are denoted by the same
reference numerals.

The backlight device 302 according to Example 3 of the
present invention includes an anti-reflection member 16 with
a length of a lamp 5, which 1s formed by black ink printing,
a black tape, or the like and provided on the back surface of
a reflector 6. In both of the case where black 1nk 1s used as
the anti-reflection member 16 and the case where black tape
1s used as the anti-reflection member 16, substantially the
same elfect of preventing glare 1n a display image can be
obtained.

The same effect as that in the aforementioned Example 1
can be obtained in Example 3.

In addition, according to Example 3 of the present
invention, by previously attaching the anti-reflection mem-
ber 16 to the back surface of the reflector 6 on the first
principal surface 115 of the light-guiding plate 11, 1t 1s
possible to provide the anti-reflection member 16 with a
small width by aligning the anti-reflection member with the
first principal surface 11b of the light-guiding plate 11. As
described above, it 1s preferable that width d of the anti-
reflection member 16 1s equal to about half of the thickness
d' of the light-guiding plate 11. Moreover, as shown in FIG.
7, by providing the anti-reflection member 16 so as to cover
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a range D (e.g., D=2d), for example, it 1s possible to
cficiently absorb the light reflected with a small reflection
angle with respect to the surface of the light-guiding plate
11. Furthermore, by providing the anti-reflection member 16
so as to cover arange D', for example, it 1s possible to absorb
the light reflected with a small reflection angle with respect
to the surface of the light-guiding plate 11 more efficiently.

As described above, since the backlight device of this
invention includes the anti-reflection member formed above
the first principal surface of the light-guiding plate 1 a
region between the output region of the light-guiding plate
and the end surface of the light-guiding plate, 1t 1s possible
to absorb unnecessary light irregularly reflected by the
double-sided adhesive tapes provided 1n the vicinity of the
lamp. As a result, since light 1s not directly output outside
from the light-guiding plate, glare 1n a display image can be
prevented, thereby obtaining a high quality display screen.
Moreover, by previously attaching the anti-reflection mem-
ber to the back surface of the reflector, an anti-reflection
member with a small width can be provided by aligning the
anti-reflection member with the first principal surface of the
light-guiding plate.

Various other modifications will be apparent to and can be
readily made by those skilled 1n the art without departing
from the scope and spirit of this invention. Accordingly, it 1s
not imtended that the scope of the claims appended hereto be
limited to the description as set forth herein, but rather that
the claims be broadly construed.

What 1s claimed 1s:

1. A backlight device comprising:

a light source;

a light-guiding plate; and

a reflector,

wherein the light-guiding plate has a first principal surface
and a second principal surface provided so as to face
cach other, and an end surface;

the reflector 1s disposed so as to 1lluminate the end surface
with light from the light source;

the light-guiding plate has an output region on the first
principal surface, for outputting light inputted from the
end surface; and
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an anti-reflection member 1s provided above the first
principal surface 1 a region between the output region
and the end surface; and

wherein the reflector covers the light source and the
anti-reflection member.
2. A backlight device according to claim 1, wherein the
anti-reflection member 1s made of black ink.
3. A backlight device according to claim 1, wherein the
anti-reflection member 1s made of a black tape.
4. A backlight device comprising:

a light source;

a light-guiding plate; and

a reflector,

wherein the light-guiding plate has a first principal surface
and a second principal surface provided so as to face
each other, and an end surface;

the reflector 1s disposed so as to illuminate the end surface
with light from the light source;

the light-guiding plate has an output region on the first
principal surface, for outputting light inputted from the

end surface; and

an anti-reflection member 1s provided above the first
principal surface 1 a region between the output region
and the end surface; and

wherein the light-guiding plate has a diffusing sheet on the
first principal surface, and the anti-reflection member 1s
formed on the diffusing sheet.

5. A backlight device according to claim 4 further com-
prising a prism sheet above the output region of the light-
cuiding plate.

6. A backlight device according to claim 4, wherein the
reflector covers the light source and the anfi-reflection
member.

7. A backlight device according to claim 4, wherein the
anti-reflection member 1s made of black 1nk.

8. A backlight device according to claim 4, wherein the
anti-reflection member 1s made of a black tape.
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